SUMMARY Bile acid pool size and kinetics were determined in 17 patients with cirrhosis and 11 patients without liver disease and correlated with the severity of liver disease as determined by the usual clinical and laboratory criteria. In order to assess the severity of liver disease, a grading system was devised which assigned numerical values to various clinical signs and laboratory results. The total clinical score and the patients were divided into two groups of advanced (7-18 points) or mild (1-6 points) cirrhosis. The clinical rating was then correlated with the various aspects of bile acid metabolism. Cholic acid synthesis was markedly reduced in the early stages of cirrhosis and continued to decrease with the advancement of the liver disease. There was an inverse correlation between synthesis of cholic acid and the severity of cirrhosis. Nine of the 10 patients with advanced cirrhosis and a very low cholic acid synthetic rate (average 68 mg per day) died within one to 13 months from the start of the study. Patients with mild cirrhosis also had significantly reduced cholic acid synthesis (average 152 mg per day) but they all were well and alive three to 23 months after the study. In contrast, chenodeoxycholic acid synthesis was not markedly affected in either patients with mild or advanced cirrhosis. There was also a high degree of correlation between the fractional daily turnover rate of cholic acid and the severity of liver disease. The fractional daily turnover rate of cholic acid was greatly reduced (50%) in patients with advanced cirrhosis. Deoxycholic acid was reduced in patients with mild cirrhosis and virtually absent from the bile of patients with advanced cirrhosis. The findings of the present report provide evidence that cholic acid synthesis is a sensitive indicator of the hepatocellular damage, whereas chenodeoxycholic acid synthesis is relatively unaffected by cirrhosis. The selective alteration in cholic acid synthesis probably resides in a deficiency of one or more enzymes regulating the formation of the 3-keto, 7 alpha, 12 alpha-dihydroxy precursor of cholic acid.
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A number of reports (Rudman and Kendall, 1957; Swell, 1970) (Rudman and Kendall, 1957; Osborn, Wootton, Da Silva, and Sherlock, 1959) , a reversal of the plasma trihydroxy to dihydroxy bile acid ratio (Carey, 1958) , a decreased removal and conjugation of bile acids from the plasma (Blum and Spritz, prognostic significance was attached to the persistence of this altered ratio. It was also suggested that these differences in patients with cirrhosis might be accounted for on the basis that cholic acid synthesis was affected to a greater extent than chenodeoxycholic acid synthesis. Recently it has been demonstrated (Vlahcevic et al, 1972 ) that patients with cirrhosis do indeed have a marked impairment in the synthesis of cholic acid. Patients with liver disease were found to synthesize only about one-third the amount of cholic acid per day as that synthesized by normal subjects. On the other hand, chenodeoxycholic acid synthesis was virtually unaffected in cirrhotic patients. This selective alteration in the synthesis of cholic acid may result from a deficiency of one or more enzymes regulating the conversion of cholesterol to the 3-keto, 7 alpha, 12 alpha-dihydroxy cholic acid intermediate which is an immediate precursor of cholic acid. This blockage could reside in the 12 alpha-hydroxylating step since chenodeoxycholic acid synthesis is minimally affected. A deficiency of the 12 alpha-hydroxylase enzyme would lead to a selective impairment of cholic acid synthesis and could explain the decrease in the ratio of plasma trihydroxy to dihydroxy bile acids. In the course of the earlier study (Vlahcevic et al, 1972) on bile acid metabolism in cirrhosis there appeared to be a relationship between the severity of liver disease and the synthesis of cholic acid. The purpose of the present study was to provide information on a possible relationship between cholic and chenodeoxycholic acid synthesis and the degree and prognosis of liver disease as determined by the usual clinical and laboratory criteria.
Materials and Methods

PATIENTS
Eleven male subjects without and 17 male subjects with cirrhosis (35 to 67 years) were studied. The control subjects had no clinical or laboratory evidence of liver disease. Their liver function tests (serum albumin, bilirubin, alkaline phosphatase, serum glutamic oxaloacetic transaminase) were all within normal limits. The clinical diagnosis, bile acid pools, and related kinetic data of the patients without liver disease have been reported in a previous study (Vlahcevic, Miller, Farrar, and Swell, 1971 (1 point). The grading system also differentiated severe, protracted, or recurrent coma (3 points) from transient episodes of coma or precoma (2 points). Documented variceal bleeding was given more points (3) than the presence of varices without bleeding (2 points). The diagnosis of varices was made by barium swallow and/or oesophagoscopy. The clinical stigmnata of chronic liver disease such as hepatosplenomegaly and collateral abdominal veins were given 1 point. The severity of malnutrition was estimated on the basis of the lean body mass and graded on a scale of severe cachexia (3 points), moderate (2 points), and mild (1 point). Bilirubin, SGOT, and SGPT were not used in computing the clinical score since these liver function tests reflect the activity rather than the advancement of liver disease. Two liver function tests (albumin and prothrombin time) were selected because they more closely reflect the severity and chronicity of liver disease. A total clinical score was derived from the grading system, and the patients were divided into two categories, ie, advanced cirrhosis (7-18 points) and mild cirrhosis (1-6 points) ( (Folch, Lees, and Stanley, 1957) . Bile acid analysis was carried out on the upper methanolwater phase as described earlier Swell, 1968) . Bile acid rate constants, synthesis, and pools were calculated from the cholic and chenodeoxycholic acid specific activity decay curves and the amount of administered 14C-bile acids as described earlier (Vlahcevic et al, 1972; .
Cholic and chenodeoxycholic acid synthesis and fractional daily turnover rates were correlated by simple regression analysis (Snedecor, 1956) with the severity of liver disease (clinical rating). The group t test was used to test for the level of significance between the groups (Snedecor, 1956 (about 50 %) in patients with mild and advanced cirrhosis when compared with patients without cirrhosis. These marked changes in the total bile acid pool occurred in the early stages of cirrhosis since there was no reduction in the total bile acid pool with further progression of the liver disease. There was also a highly significant decrease in the cholic acid pool in patients with mild and advanced cirrhosis when compared with the group with no cirrhosis. There were no significant differences in the cholic acid pool size between patients with mild and advanced cirrhosis. The chenodeoxycholic acid pool was significantly reduced in patients with mild cirrhosis but not in patients with advanced cirrhosis. The fractional daily turnover rate (K) of primary bile acid was not significantly altered in patients with mild cirrhosis. However, in patients with advanced cirrhosis the turnover rate of cholic acid was significantly reduced when compared with that in patients with no cirrhosis. The chenodeoxycholic acid turnover rate was reduced in patients with advanced cirrhosis but the difference was not statistically significant. The correlation of the cholic acid fractional daily turnover rate (K) with the severity of liver disease is shown in figure 2 . There was significant correlation (r = 0'77) between the turnover rate of cholic acid and the severity of liver disease. The intercept of the regression line of this relationship was close to the average cholic acid rate constant for the group 
Discussion
The results of the present and earlier reports Vlahcevic et al, 1972) have shown that patients with cirrhosis have a diminished bile acid pool, a decreased turnover rate of cholic acid, and a pronounced decrease in cholic acid synthesis. Chenodeoxycholic acid synthesis, turnover rate, and pool size are affected to a much lesser extent than cholic acid. In addition, the data of the present study also show that there is a high degree of correlation between the severity of the cirrhosis and the synthesis of cholic acid. No such relationship was present for chenodeoxycholic acid. Of particular significance was the observation that cholic acid synthesis was markedly reduced even in the group of patients with mild cirrhosis. Although there was a further decrease in cholic acid synthesis as the disease advanced, the greatest decrease in the amount of cholic acid synthesized per day occurred during the early phase of liver disease. These findings suggest that significant alterations in cholic acid synthesis must occur before the onset of significant clinical symptoms. Cholic acid synthesis may therefore be a very sensitive indicator of the degree of parenchymal liver cell damage. Early changes in liver function not detectable by other clinical and laboratory procedures may perhaps be ascertained by measuring cholic acid synthesis. Since the patients of the present study had alcoholic cirrhosis, early changes in bile acid metabolism may be induced by excessive alcohol intake before any significant parenchymal liver cell damage has occurred. Of prognostic significance was the finding that all but one of the patients with a very low cholic acid synthesis died within one year from the time the study was carried out. Chenodeoxycholic acid synthesis did not correlate with survival.
The first step in the formation of bile acids from cholesterol is the hydroxylation at the 7 position to produce 7 alpha-hydroxycholesterol (Danielsson and Tchen, 1968; Bergstrom and Danielsson, 1968) . Recent reports (Shefer, Hauser, Bekersky, and Mosbach, 1970; Shefer, Hauser, and Mosbach, 1968) indicate that the hydroxylation step is subject to feed-back control and is probably the major site for the regulation of bile acid synthesis from cholesterol. Anderson, Kok, and Javitt (1972) have shown that there is an additional pathway in man for the synthesis of bile acids involving the initial hydroxylation of cholesterol at the 26 position to form 26-hydroxycholesterol. This pathway appears to form chenodeoxycholic acid preferentially over cholic acid. The quantitative contribution of this pathway to bile acid synthesis has not yet been fully assessed in man. There are several possible explanations for the observed differences between cholic and chenodeoxycholic acid synthesis in cirrhotic patients. The major pathway for cholic acid synthesis could be blocked by a deficiency of one or more enzymes regulating the synthesis of the 3-keto, 7 alpha, 12 alpha-dihydroxy cholic acid intermediate from cholesterol. If the first hydroxylation step from cholesterol (7 alpha-hydroxycholesterol) is depressed, chenodeoxycholic acid synthesis should also be markedly reduced unless chenodeoxycholic acid is synthesized via the reported (Anderson et al, 1972) alternative 26-hydroxycholesterol pathway. Further studies are needed to delineate the site of the impairment in cholic acid synthesis in patients with ciffhosis.
Patients with cirrhosis also exhibit other abnormalities in the metabolism of the bile acids. Deoxycholic acid is virtually absent from the bile of patients with advanced cirrhosis (Vlahcevic, Buhac, Bell, and Swell, 1970) . However, as shown in the present report, patients with mild cirrhosis also have a significant decrease in the percentage of biliary deoxycholic acid. These observations suggest that with the advancement of liver disease there is a progressive decrease in biliary deoxycholic acid. These alterations in secondary bile acid metabolism may be due to the impaired colonic absorption of deoxycholic acid or due to the presence of abnormal bacterial flora in the colon. The presence of abnormal bacterial flora in the colon could result in an impaired conversion of cholic to deoxycholic acid. Changes in the conversion of cholic to deoxycholic acid could also account for the prolonged half-life of cholic acid found in patients with advanced cirrhosis. Because of the lack of formation of deoxycholic acid, the cholic acid upon leaving the teiminal ileum may be reabsorbed in the colon to a considerable extent. In the normal subject, minimal reabsorption of cholic acid in the colon takes place since almost all of the cholic acid is converted to secondary bile acids. Alternatively, patients with advanced cirrhosis may have fewer enterohepatic cycles as a result of cholestasis and/or impaired gallbladder contractibility (Turnberg and Grahame, 1970) . However, if this were the case the turnover rates of both primary bile acids should be similarly affected in these patients. The data of the present and previous study (Vlahcevic et al, 1972) consistently show no significant change in chenodeoxycholic acid turnover rate in patients with cirrhosis. Further studies are needed to clarify the mechanism responsible for the observed abnormality of deoxycholic acid metabolism in cirrhosis.
There was also a significant correlation between cholic acid turnover rate and the advancement of liver disease. Cholic acid turnover rate does not markedly change until the stage of advanced cirrhosis is reached. The decreased turnover rate of cholic acid during this late stage of cirrhosis probably partially compensates for the continued decrease in cholic acid synthesis. Because of these conditions the cholic acid pool did not show any additional decrease beyond the mild stage of cirrhosis.
Because of the marked decrease in cholic acid synthesis, patients with cirrhosis were found to have an increase in the percentage of chenodeoxycholic acid. A significant change in the ratio of biliary trihydroxy to dihydroxy bile acids was not observed in patients with cirrhosis. The failure to observe a significant change in the ratio can probably be attributed to alterations in both cholic and deoxycholic acid metabolism. Although the metabolism of chenodeoxycholic acid in cirrhosis is relatively unaffected, the changes in deoxycholic acid are sufficient to negate any changes in the ratio of trihydroxy to dihydroxy bile acid. Carey (1958) showed that the ratio of trihydroxy to dihydroxy bile acids in plasma was significantly decreased in patients with liver disease. The difference between the observed bile acid ratios in the bile and plasma raise the possibility that the blood and biliary bile acid composition may be different in patients with cirrhosis due to compartmentalization of the bile acid pools.
